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Summary 

This report describes the Air Quality Related Values (AQRVs) of the Sierra Nevada Network 

(SIEN). AQRVs are those resources sensitive to air quality and include streams, lakes, soils, 

vegetation, fish and wildlife, and visibility. The SIEN parks that are included in the NPS Inventory 

and Monitoring (I&M) Program and discussed in this report are jointly-managed Sequoia and Kings 

Canyon National Parks (SEKI), Yosemite National Park (YOSE), and Devilôs Postpile National 

Monument (DEPO). SEKI and YOSE are Class I air quality areas, giving them a heightened level of 

protection against harm caused by poor air quality under the Clean Air Act (CAA). DEPO is a Class 

II area.  

Sullivan et al. (2011a, 2011b) and Kohut (2007) conducted risk assessments for acidification, 

eutrophication, and ozone (O3) for all of the SIEN parks; their results are described in this report. 

This report also describes air pollutant emissions and air quality in the SIEN, and their effects on 

AQRVs. The primary pollutants likely to affect AQRVs include nitrogen (N) and sulfur (S) 

compounds (nitrate [NO3
-], ammonium [NH4

+], and sulfate [SO4
2-]), ground-level O3, haze-causing 

particles, and airborne toxics. Background for this section can be found in Chapters 1-2 of ñAir 

quality related values (AQRVs) in national parks: Effects from ozone; visibility reducing particles; 

and atmospheric deposition of acids, nutrients and toxicsò (Sullivan 2016).  

Urban and agricultural emissions affect air quality in Californiaôs national parks, particularly parks in 

the Sierra Nevada. The San Joaquin Valley, upwind of the SIEN parks, is one of the most polluted 

areas in California and is a primary source of air pollutants transported to these parks (Lin and Jao 

1995). The Central Valley, with a population of 6.5 million, has been the fastest growing region of 

California. Wildland fires, a common occurrence in this region, are also large contributors to air 

pollution in the parks (McMeeking et al. 2006). 

Sulfur and N pollutants can cause acidification of streams, lakes, and soils. The levels of N 

deposition received in high-elevation portions of SEKI and YOSE have contributed to some episodic 

acidification of surface waters during snowmelt and rain storms (Sickman and Melack 1989). Slight 

chronic acidification may also have occurred in the most acid-sensitive aquatic systems (Sickman 

and Melack 1989). Such effects on water chemistry, though small in magnitude, may have had subtle 

long-term effects on aquatic biota.  

Nitrogen pollutants can also cause undesirable enrichment of natural ecosystems, leading to changes 

in plant species diversity and soil nutrient cycling. Certain lichen species now found in YOSE are 

suggestive of N pollution, and modeled N deposition in all SIEN parks exceeds levels known to harm 

natural diversity in lichen communities and herbaceous plant and shrub communities (Fenn et al. 

2011b). In high elevation lakes in the eastern Sierra Nevada, increased N from deposition has 

induced changes in diatom communities from species adapted to low N conditions to species typical 

of more nutrient-rich, disturbed lakes. To date, these changes have not been observed in SIEN park 

lakes (cf., Sickman and Bennett 2011).  
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Ozone pollution can harm human health, reduce plant growth, injure foliage, and render sensitive 

plant species more vulnerable to drought and other stressors (Grulke et al. 1998, Grulke and 

Balduman 1999). All parks in the SIEN are located in counties designated as nonattainment for the 

O3 National Ambient Air Quality Standard (NAAQS). Sequoia and Kings Canyon NPs have O3 

health advisory programs that alert visitors when the air is expected to be unhealthy because of high 

O3 levels. Parts of SEKI, in particular, experience some of the worst air quality in the National Park 

system (Panek et al., 2012). Vegetation at SEKI has exhibited among the most severe effects of O3 in 

California outside the Los Angeles Basin, with more documented impacts than at any other western 

national park (Bytnerowicz et al. 2008). Ozone-induced foliar injury in ponderosa pine (Pinus 

ponderosa) and Jeffrey pine (Pinus jeffreyi) has been widespread and pronounced in the western 

regions of SEKI and was present to a lesser extent in YOSE. Foliar injury has also been documented 

in giant sequoia (Sequoiadendron giganteum) seedlings. Reduced foliar biomass and tree growth at 

some locations suggest that ecosystem productivity may have been affected by chronic, long-term 

exposure to elevated levels of O3 in the mixed conifer zone.  

Particulate pollution can cause haze, reducing visibility even at levels well below the NAAQS for 

fine particulate matter (PM2.5; Pitchford and Malm 1994). Visibility in SIEN parks is often reduced 

substantially from estimated natural background conditions.  

Pesticides are used heavily in Californiaôs agricultural valleys, especially the San Joaquin Valley. 

Some are highly volatile and are transported through the atmosphere to sites in the Sierra Nevada, 

including within SEKI and YOSE. Other toxic substances, including mercury (Hg), are also 

deposited in national park ecosystems in the SIEN. Current use pesticides (CUPs) were found to be 

especially prevalent in Sequoia NP, as compared with other park lands in the western United States 

(Landers et al. 2008).  
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Background 

There are four parks in the SIEN: Devilôs Postpile National Monument (DEPO), Yosemite National 

Park (YOSE), and Sequoia and Kings Canyon national parks, which are jointly managed and referred 

to as SEKI; they are combined for most analyses in this chapter. The SEKI parks and YOSE are all 

larger than 100 square miles. The one smaller park is DEPO. Larger parks generally have more 

available data with which to evaluate air pollution sensitivities and effects. In addition, the larger 

parks generally contain more extensive resources in need of protection against the adverse impacts of 

air pollution.  

There are several human population centers larger than 100,000 people within the SIEN region. 

There are also several large population centers on the perimeter of the SIEN boundary, including San 

Francisco, San Jose, and Sacramento. Map 1 shows the network boundary along with locations of 

each park and population centers with greater than 10,000 people. The two areas of California that 

show the most severe air quality problems have been the South Coast and the San Joaquin Valley 

(Suarez-Murias et al. 2009).  
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Map 1. Network boundary and locations of parks and population centers greater than 10,000 people in the SIEN region. 
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The Sierra Nevada region has elevated concentrations of ozone (O3) and nitrogen (N) air pollutants 

(Bytnerowicz et al. 1999, Bytnerowicz and Fenn 1996). Serious concerns have been raised regarding 

effects on natural resources in SEKI and YOSE due to air pollutants emitted in the San Francisco 

Bay area and the San Joaquin Valley (Bytnerowicz et al. 2002) coupled with high resource 

sensitivity. 

Bytnerowicz et al. (2002) characterized N, sulfur (S), and O3 air pollutants along an elevational 

gradient in Sequoia NP. They found significant declines in atmospheric concentrations of O3, nitric 

acid (HNO3), ammonia (NH3), and sulfur dioxide (SO2) with increasing elevation and distance from 

pollution source areas. In contrast, the highest concentrations of particulate nitrate (NO3
-) and 

ammonium (NH4
+) were observed at mid-elevation, likely due to generation of NH4NO3 during 

atmospheric transport from pollution source areas.  
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Atmospheric Emissions and Deposition 

Because the prevailing winds are from the west and northwest, many of Californiaôs national parks 

and Class I areas, including those located in the Sierra Nevada, are downwind of some of the major 

urban and agricultural areas of the state. California is the most populous state in the nation, with 

major population centers located along the Pacific coast and in the Sacramento and San Joaquin 

valleys. The Central Valley of California is also one of the most intensively cultivated agricultural 

regions of the United States. Air pollution is an important concern in portions of the park lands in the 

SIEN that are in proximity to major emissions sources.  

Sulfur dioxide (SO2) emissions have been low in California for several decades and do not currently 

pose a significant concern for parks in the SIEN. County-level SO2 emissions within the SIEN region 

were mostly less than 1 ton per square mile in 2002, with somewhat higher emissions in the 

westernmost portion of the region and in the San Francisco Bay area. Most of the point source 

emissions of SO2 identified by Sullivan et al. (2011b) near the SIEN parks were relatively small (less 

than 5,000 tons per year) and located to the west of the parks, within about 100 miles of the coast.  

County-level emissions near the SIEN, based on data from the EPAôs National Emissions Inventory 

(NEI) during a recent time period (2011), are depicted in Maps 2 through 4 for SO2, oxidized N 

(NOx), and reduced N (NH3), respectively. Counties in the vicinity of SIEN parks had low SO2 

emissions (< 1 ton per square mile per year [ton/mi2/yr]; Map 2). Oxidized N emissions were higher, 

mostly in the range of 1 to 5 tons/mi2/yr (Map 3). Emissions of NH3 near SIEN parks were higher, 

but were mostly less than 8 tons/mi2/yr (Map 4). 

Nitrogen emissions and deposition are a more substantial concern for SIEN parks. County-level N 

emissions near the network generally ranged from less than 1 ton/mi2/yr around YOSE to 20 

tons/mi2/yr near SEKI. Most sources are mobile or areal. There were very few point sources of N of 

any magnitude in the SIEN region. Most emissions of O3 precursors (i.e., NOx and volatile organic 

compounds [VOCs]) come from source areas in the South Coast, San Francisco Bay Area, and San 

Joaquin Valley (http://www.epa.gov/ttnchie1/trends/). These emissions are mainly from motor 

vehicles, with other significant sources of N from fossil-fueled power plants and of reactive organic 

gasses from cleaning and surface coatings and solvent evaporation. Additionally, the land in the 

western portion of the SIEN region is a mix of row crops, pasture/hay, and developed areas which are 

potential sources of air pollutants (especially NH3, O3 and pesticides) to the parks in the SIEN. 

Southern airsheds on the west side of the Sierra Nevada (including those in and upwind of SEKI and 

YOSE) experience elevated N emissions and deposition, especially during summer 

(http://epa.gov/castnet/javaweb/index.html).  

 

http://www.epa.gov/ttnchie1/trends/
http://epa.gov/castnet/javaweb/index.html
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Map 2. Total SO2 emissions, by county, near the SIEN for the year 2011. Data from EPAôs National 
Emissions Inventory. 
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Map 3. Total NOx emissions, by county, near the SIEN for the year 2011. Data from EPAôs National 
Emissions Inventory. 
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Map 4. Total NH3 emissions, by county, near the SIEN for the year 2011. Data from EPAôs National 
Emissions Inventory. 

Total modeled S deposition in 2002 was less than 2 kilograms/hectare/year (kg/ha/yr) throughout 

virtually the entire SIEN region (Sullivan et al. 2011b). Estimated total N deposition in 2002 ranged 

from less than 2 kg N/ha/yr to higher than 10 kg N/ha/yr.  

Recently, Schwede and Lear (2014) documented a hybrid approach (TDEP) developed by the 

National Atmospheric Deposition Program (NADP) Total Deposition Science Committee for 

estimating total N and S deposition. This approach combined monitoring and modeling data. 

Modeling was accomplished using the Community Multiscale Air Quality (CMAQ) model (Byun 

and Schere 2006). Priority was given to measured data near the locations of the monitors and to 

modeled data where monitoring data were not available. In addition, CMAQ data were used for N 

species that are not routinely measured in the monitoring programs: peroxyacetyl nitrate (PAN), 

N2O5, NO, NO2, HONO, and organic NO3. The total deposition estimates are considered to be 

dynamic, with updates planned as new information becomes available. The TDEP data reported here 

were developed in late 2013 and are designated version 2013.02.  
















































































































